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ABSTRACT 


The principal aquifer in the New Orleans area is the 
“700-foot”’ sand. Water wells are known to have been 
drilled into this aquifer as early as 1854. In 1963 the aver- 
age daily withdrawal from this sand was 51.2 million gal- 
lons, and it is estimated that by 1980 withdrawals will 
reach 90 mgd (million gallons per day). Water levels in 
the center of the cone of depression resulting from the 
current withdrawal are about 140 feet below the pre- 
1900 level and the projected increase in withdrawal rate 
should cause an additional water-level decline of about 
100 feet by 1980. Water in the aquifer grades from fresh 
to salty in a north to south direction, but salt-water en- 
croachment caused by declining water levels is not deemed 
serious, provided the current distribution of the pumping 
is maintained. Wells yielding 1,000 gpm (gallons per min- 
ute) or more can be constructed in the “700-foot’”’ sand any- 
where within the project area. In the northern part of 
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the area the “700-foot” sand yields fresh, soft water that 
is low in iron but has a distinct yellow color. This color, 
due to organic matter, is not harmful but makes the water 
undersirable for several uses, including public supply, un- 
less the color is removed by treatment. 


In the area along Bayou La Loutre shallow sands 
underlying an old distributary channel are the only source 
of fresh water, which is very hard and has a high iron 
content. 


The “200-foot” sand is a poorly definable aquifer, 
which thickens and thins and pinches out abruptly. It pres- 
ently supplies only about two percent of the withdrawals 
in the project area. In the northwest corner of Jef- 
ferson Parish the water in the ‘‘200-foot’”’ sand is fresh; 
throughout the rest of the area water in this sand generally 
contains about 500 to 900 ppm (parts per million) of chlo- 
ride. Additional supplies of ground water can be obtained 
from the “200-foot” sand for use where quality is not 
important. 


The ‘‘400-foot” sand underlies Jefferson Parish and the 
northwestern part of Orleans Parish but pinches out near 
the center of the project area. West of the pinchout the 
aquifer thickens abruptly and is a potential source of large 
quantities of brackish water (chloride content, 250 to 500 
ppm). Only in northwestern Jefferson Parish is the water 
in this aquifer suitable for public supply. Few wells tap the 
aquifer in the project area, but one well completed recently 
is reported to have yielded 2,500 gpm. 


No wells in the project area yield fresh water from 
the “‘1,200-foot” sand; however, available data indicate that 
it contains fresh water throughout its entire thickness in 
the vicinity of Irish Bayou. In downtown New Orleans the 
aquifer is thin and shaly, but to the northeast it thickens 
considerably. 


INTRODUCTION 


PURPOSE AND SCOPE 

This report, on the greater New Orleans area, is one 
of a series whose general purpose is to evaluate the ground- 
water resources of the area along the Mississippi River 
south of Baton Rouge. The investigation leading to this 
report was made in cooperation with the Louisiana Depart- 
ment of Public Works and the Louisiana Geological Survey, 
Department of Conservation. Since virtually all the ground- 
water withdrawals in the greater New Orleans area are 
from a single aquifer, the ‘‘700-foot” sand, a principal 
purpose of this report is to evaluate in detail the potential 
of this aquifer to meet the future demands for ground water 
that will be imposed upon it, to investigate possible detri- 
mental effects of these demands, and to outline alternate 
sources of ground water that may be utilized to advantage 
in some parts of the area. 


In this report the ‘‘shallow aquifers,” the ‘“200-foot’’ 
sand, the “400-foot” sand, and the “1,200-foot”? sand are 
given a brief examination because of their subordinate role 
as sources of ground water. The depth, thickness, and 
potential of these aquifers is outlined, the quality of water 
in the aquifers is briefly summarized, and areas of potential 
development are discussed. 


Because about 10 times as much water is pumped from 
the “‘700-foot”’ sand as the combined total from the other 
aquifers in the area, a more comprehensive evaluation of 
this aquifer is necessary. The development history of the 
““700-foot” sand is reconstructed as a basis for predicting 
future withdrawals. The area and thickness of the aquifer 
are outlined, its hydraulic properties are evaluated, and 
future water levels are predicted on the basis of projected 
withdrawals. The quality of water in the aquifer and the 
possible deterimental effects future pumping may have on 
water quality are evaluated. Artificial recharge as a method 
for decreasing future water-level declines and salt-water 
encroachment is discussed briefly and some of the advan- 
tages and disadvantages are pointed out. 


THE PROJECT AREA 
The greater New Orleans area (pl. 1) is the major ur- 
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ban center of Louisiana; at the end of 1963 it had an 
estimated population of 937,600. Plate 1 shows it as an 
area of about 1,100 square miles, of which nearly one- 
half is water, which encompasses all of Orleans, northern 
Jefferson, extreme northern Plaquemines, and northwestern 
St. Bernard Parishes. 


Much of the area is or has been low-lying marsh, but 
by leveeing and draining has been made habitable. As a 
result of this reclamation, parts of the project area have 
subsided and now lie below sea level, so that drainage must 
be accomplished by pumping water over the levees into the 
surrounding water bodies. This is a major task, as the an- 
nual rainfall in the New Orleans area is about 60 inches. 
To accomplish this task the Sewerage and Water Board 
of the city of New Orleans has established one of the most 
powerful systems of pumping stations in existence. Part 
of Jefferson Parish also is drained by a system of canals 
and pumping stations that pump runoff over the levees 
which protect the low-lying areas. As urban growth con- 
tinues, the drainage problem will intensify and demand still 
more extensive systems to protect the area from flooding. 


The area is abundantly supplied with water, as the 
average daily discharge of the Mississippi River is about 
300,000 mgd (million gallons per day), enough water to 
cover the entire project area with more than 1 foot of water 
in a single day. Can an area with such a water supply 
have problems? It can, because to be useful the water must 
be available to the user at his location, in the quantity he 
requires, of a quality that will serve his needs, and at a 
price he is willing to pay. The river, though an abundant 
source, does not meet these requirements for all water 
users; therefore, many have turned to ground water as a 
source that better satisfies their needs. 


PREVIOUS INVESTIGATIONS 


The earliest publication known to the author that dis- 
cusses the ground-water resources of the New Orleans 
area is “The Biennial Report of the Board of Health to 
the General Assembly of the State of Louisiana, 1890- 
1891.” This publication contains a colored lithologic sec- 
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tion of a well drilled in the neutral ground of Canal 
Street in 1854 and chemical analyses of water from several 
wells in New Orleans. The anonymous author of the pub- 
lication recognized that the decline of water levels in the 
area was due to increasing development. 


G. D. Harris (1904) in his report “Underground 
Waters of Southern Louisiana” includes some driller’s logs 
of wells and water-level data for the New Orleans area, 
which were valuable in the current study. In 1942, as a 
result of wartime needs, two memorandum ground-water 
reports were prepared by the U.S. Geological Survey. 


In 1956 the report, “The Water Resources of the New 
Orleans Area, Louisiana,” was published as Geological 
Survey Circular 374 (Eddards and others, 1956). This 
report covered a more extensive area than the current 
study and summarized ground-water information that had 
been collected up to that time. 


In 1963 a compilation of the data obtained during field 
investigations in the Baton Rouge-New Orleans area was 
published as “‘Basic Ground-Water Data for the Missis- 
sippi River Parishes South of Baton Rouge, Louisiana’”’ 
(Cardwell and others, 1963). The availability of the above 
report precludes the inclusion of other than essential 
basic data in this report. 
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servation, furnished the electrical logs of oil-test wells that 
served as a basis for the geologic correlations. 


WELL-NUMBERING SYSTEM 


In Louisiana a two-part index number is used to 
identify wells for which the U.S. Geological Survey has 
records. A prefix is used to designate the parish in which 
the well is located (Jf for Jefferson, Or for Orleans, Pl 
for Plaquemines, and SB for St. Bernard) and a serial 
number is assigned to the well at the time the record is 
made. The serial numbers have no spatial significance. 
For example, wells Or-2 and Or-131 are wells located at 
the Hibernia Bank Building in New Orleans. Where well 
numbers are included on the illustrations the parish prefix 
has been omitted, except where the possibility of confusion 
with other numbers exists. 


GEOLOGY 


During Quaternary times, approximately the last mil- 
lion years, deposition in the New Orleans area has been 
under the influence of a series of sea-level fluctuations. 
These changes in sea level have amounted to as much as 
450 feet. While the changes were going on, the Missis- 
sippi River and its ancestors were moving back and forth 
across the area, at times depositing sediment and at times 
eroding it away. At high sea level the area was under 
water, and near-shore to shoreline marine conditions pre- 
vailed. Thus an alternation of marine, near-shore, and 
nonmarine conditions has occurred and a complex sequence 
of deposits has been laid down. In this sequence of de- 
posits are four major sand zones in the New Orleans area. 
These are the aquifers which supply ground water. Two 
previously published reports have discussed the ground- 
water resources of the area, and the following table shows 
the correlation of the names applied to the aquifers in 
these reports and the nomenclature used in this report. 
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Much has been written on the geology of the Gulf 
Coast area and the interested reader is referred to the 
following publications, which provide a far more com- 
prehensive understanding of the geology than would a 
cursory discussion in this report. 


“Geologic Investigation of the Alluvial Valley of the 
Lower Mississippi River,” by H. N. Fisk. 


“Distribution of Soils Bordering the Mississippi River 
from Donaldsonville to Head of Passes,” by C. R. Kolb. 


“Geology of the Atlantic and Gulf Coastal Province 
of North America,” by G. E. Murray. 


“Recent Geomorphic History of the Pontchartrain 
Basin, Louisiana,” by R. T. Saucier. 


SHALLOW AQUIFERS 


The water-bearing deposits above a depth of about 150 
feet fall into two general categories. First are the small, 
isolated near-surface sands which represent buried beaches 
and other locally deposited sands. These sands are of little 
or no importance as aquifers because they are not known 
to contain potable water, nor are they extensive enough 
to supply large quantities of water of even poor quality. 
For these reasons they are not discussed in this report; 
however, Saucier (1962), on the basis of many hundreds of 
borings in the New Orleans area, has mapped these near- 
surface deposits in considerable detail. Second are the point- 
bar and distributary channel sands deposited by the Missis- 
sippi River and its distributaries. These deposits yield 
the only fresh ground water in parts of southeastern 
Orleans and western St. Bernard Parishes, and they are 
discussed in more detail in the following sections. 


POINT BARS 


Points bars are deposits of poorly graded fine sand 
(Kolb, 1962, p. 32) that occur on the inside of bends in the 
Mississippi River and grow riverward as the bends migrate. 
(See plate 2.) The deposits occur at depths of 10-30 feet 
below the land surface and may extend to depths of 150 
feet, or more. Although point bars are the only source of 
fresh ground water along the river below New Orleans, 
they have little potential as aquifers in the project area 
because of their small areal extent and low permeability. 
The highest known yield of a well in these deposits is 50 
gpm (gallons per minute) from well Or-140 (pl. 2) in a 
point bar that consists of sand much coarser than found 
in typical point bars. A test well (Jf-75) in the point bar 
near the Jefferson-St. Charles Parish line penetrated fine 
to medium sand capable of supplying moderate yields. Most 
wells in point bars are of small diameter and yield only 
a few gallons per minute. 


Water levels in the point-bar deposits follow the Missis- 
sippi River stage very closely. At low river stage the water 
level in the point-bar deposits may be slightly above river 
level; at high stages the river level is slightly higher. Thus, 
at low river stage water generally moves from the point 
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bars into the river, and at high river stage water from 
the river moves into the point bars. Figure 1 illustrates this 
relation for well Jf-75 and the Mississippi River stage 
near Jf-75. 


Water from the point-bar deposits is of poor quality 
because of its high iron content and excessive hardness. 
Analyses of water from these deposits show iron values 
ranging from 2.2 to 28 ppm (parts per million) and hard- 
ness from 255 to 778 ppm. Fortunately these two undesir- 
able constituents can be removed relatively easily by do- 
mestic water-treatment units. The temperature of the water 
in point-bar deposits ranges from 67° to 70°F. Complete 
chemical analyses of water from wells Jf-30 and -75 are 
included in table 1. 


DISTRIBUTARY CHANNEL DEPOSITS 


In the geologic past the Mississippi River occupied 
many different courses to the sea. One of these, the St. 
Bernard Delta, had sufficient local effect on the avail- 
ability of ground water to deserve mention. The hydrologic 
importance of St. Bernard distributary deposits is illustrat- 
ed on figure 2. The mechanism that allows fresh water 
from rainfall and runoff to enter the ground is relatively 
simple. The only surface soils that are permeable enough 
to allow water to pass through them are the silty, sandy 
soils that filled the abandoned distributary channels (fig. 
2). Consequently, rainwater has percolated through the 
distributary fill into underlying sands and has flushed the 
native salt water from the sands in local areas. 
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Figure 1. Water level in well Jf-75 compared with the Missis- 
sippi River stage, 1960-63. 
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The natural levees associated with abandoned dis- 
tributary channels in the St. Bernard Delta form habitable 
topographic highs in St. Bernard Parish. Thus, a local 
ground-water supply is available in the only areas that are 
presently suitable for development. Both the Metairie and 
Bayou La Loutre parts of the St. Bernard Delta are dis- 
cussed in detail by Saucier (1962). 


Only small supplies can be developed because salt 
water underlies the fresh water or is nearby laterally. (See 
figure 2.) When wells are pumped at rates of more than a 


(APPROX. SCALE) 


DISTRIBUTARY CHANNEL FILL (SILT, SAND, & CLAY) 


NATURAL LEVEE DEPOSITS (SILTY CLAY) 
BACKSWAMP DEPOSITS (ORGANIC CLAY) 
SAND (AQUIFER) 


CLAY 


DIRECTION OF MOVEMENT OF FRESH WATER 
ENTERING AQUIFER THROUGH DISTRIBUTARY 
CHANNEL DEPOSITS 


Figure 2. Significance of distributary channel deposits in the 
local occurrence of fresh ground water. 
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few gallons per minute the salt water moves toward the 
well and contaminates the fresh water. The effect of high 
pumping rate on water quality is shown by data from well 
SB-20, which was pumped at the rate of about 150 gpm. 
Water samples collected from this well in November 1955, 
November 1960, and May 1961 had chloride concentrations 
of 230, 840, and 1,380 ppm, respectively. 


The vertical extent of the zone of transition from 
fresh to salty water is shown by samples from wells SB-24 
and -28. SB-24 is only 35 feet deep and had chloride of 
102 ppm, while SB-28 is 100 feet deep and had a chloride 
content of 162 ppm, illustrating the increase in chloride 
with depth in the aquifer above the point where highly 
mineralized water occurs. 


Although at some locations along the Bayou La Loutre 
branch of the St. Bernard distributary system domestic 
supplies of ground water can be developed, no large supply 
of fresh ground water is available. Quality is a problem, 
as the water is extremely hard and has a very high iron 
content as shown by the analysis of water from well SB-20 
(table 1). This sample is typical of the water in the shal- 
low sands along the Bayou La Loutre branch (pl. 2) except 
for the high chloride content, which is due to pumping the 
well at a relatively high rate. 


The Metairie branch of the St. Bernard distributary 
system has a geologic setting similar to that of the Bayou 
La Loutre branch, but there are no wells along this part of 
the St. Bernard distributary system that are known to 
yield fresh water. Wells Jf-113 and -114 are 70 and 136 feet 
deep, respectively, and yielded water with chlorides of 
387 and 3,690 ppm. Thus, this area is similar to the Bayou 
La Loutre area because the salt content increases with 
depth, but dissimilar in that no wells yield water with less 
than 250 ppm chloride. 
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*200-FOOT” SAND 


DEFINITION AND EXTENT 


The ‘‘200-foot” sand was named by Scarcia (Eddards 
and others, 1956, p. 26), who stated “* * * the ‘200-foot’ 
sand is irregular in areal extent, as it thickens and thins and 
pinches out abruptly.” This aquifer is a series of sand 
lenses and channel fills and, perhaps, buried distributary- 
channel deposits that have poor areal continuity. For this 
reason the ‘“200-foot’”? sand is considered as a zone of 
water-bearing sands rather than a single sand. The areal 
extent of this zone and the areas where it should yield fresh 
water are shown on plate 3. The location and depths of 
wells completed in the “200-foot” sand zone also are shown 
on plate 3. 


WITHDRAWALS 


Little use has been made of the potential of this aqui- 
fer. Records are available for 10 moderate- to large-capac- 
ity (60 to 525 gpm) wells that have been completed in this 
sand zone, but only 3 are now in use. The combined yield 
of these 3 wells is only about 900 gpm, or 1.3 mgd, which 
is only about 2 percent of the total ground-water with- 
drawal in the New Orleans area. 


RELATION TO OVERLYING AQUIFERS 


The top of the ‘‘200-foot’”’ sand zone is generally 150 to 
220 feet below mean sea level. In the area between wells 
Jf-23 and -117 (pl. 3) sands not geologically a part of the 
‘“*200-foot” sand zone overlie the aquifer and extend to or 
very near the surface. This results in two diverse situations 
with respect to the quality of water in the ‘‘200-foot” sand 
in this area. In the vicinity of well Jf-23 (pl. 3) sands 
near the surface contain highly mineralized water, and the 
hydraulic connection between these sands and the ‘“200- 
foot”? sand zone has resulted in mixing of the water from 
the two aquifers to the detriment of the quality of water 
in the “200-foot” sand zone. Conversely, well Jf-117 yielded 
fresh water with a high iron content when it was drilled. 
This occurrence of fresh water in the “200-foot’ sand 
zone, or possibly in a shallow sand hydraulically a part of 
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the “200-foot” sand, is probably due to the shallow sand 
extending to the surface and receiving recharge from local 
rainfall. 


In some areas very near the Mississippi River, the 
point-bar deposits or other shallow sands may provide direct 
hydraulic connection between the river and the ‘‘200-foot” 
sand zone. Such areas would be preferred sites for future 
development of this sand zone. Continued pumping from 
large-capacity wells in such a physical situation would 
probably induce sufficient quantities of recharge from the 
Mississippi River to improve materially the quality of water 
in the ‘‘200-foot”? sand zone locally. Dependent on the dis- 
tance from the point of recharge, rate of pumping, trans- 
missibility, and degree of hydraulic connection, it might 
take days or weeks of pumping, or possibly longer, before 
a noticeable change in water quality would take place. 
There are not sufficient data available to point out specific 
sites with this potential recharge situation, but along 
the Mississippi River south of Harahan and along the 
Mississippi River northeast of Bridge City appear the best 
possibilities for future investigation. 


WATER LEVELS 


Water levels in the “200-foot” sand fluctuate with the 
stage of the Mississippi River and only locally are affected 
by pumping. Figure 3 shows the close correlation between 
the water level in a well (Jf-39) near the river and the 
river stage for the period 1958-62. As the distance from 
the Mississippi River increases, the range of water-level 
fluctuation decreases. For example, during 1962 the mea- 
sured water levels in well Jf-39 varied 10.54 feet between 
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Figure 3. Water level in the ‘‘200-foot” sand and the Missis- 
sippi River stage at New Orleans. 
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April and November; at the same time the water level 
in well Or-144 varied only 2.97 feet. These wells are about 
300 and 8,000 feet from the Mississippi River. The lowest 
water level recorded in this aquifer is 24.43 feet below 
land surface in well Or-38; the low level was primarily due 
to a well only 150 feet away pumping about 225 gpm. New 
large-capacity wells will create local cones of depression, 
but the anticipated pumping from this aquifer should not 
have any widespread effect on water levels in the area. 


QUANTITATIVE HYDRAULICS 


Two pumping tests were made of wells (Or-116 and 
Jf-49) in the “‘200-foot” aquifer. Analyses of the tests gave 
coefficient of permeability values of 230 and 400 gpd per 
sq ft (gallons per day per square foot) and the respective 
coefficient of transmissibility values of 20,000 and 40,000 
gpd per ft. The range in permeability demonstrates the 
variable hydrologic character of the aquifer. Such a result 
should be expected of deposits whose depositional history 
is that postulated for these sands. Because of the extreme 
variability of the ‘‘200-foot” sand zone, higher and lower 
values of permeability probably occur. Until further pump- 
ing tests are run to extend the areal coverage of pumping- 
test data, the values of permeability cited here should be 
considered directly applicable only to the immediate area 
of the tests and otherwise used only as a general index of 
aquifer productivity. 


WATER QUALITY 


The only part of the project area where fresh water 
(less than 250 ppm chloride) is known to occur through- 
out the entire thickness of the aquifer is in the north- 
west corner of Jefferson Parish. (See plate 3.) The 
**200-foot” sand or its equivalent generally contains fresh 
water to the west in St. Charles Parish, and on the basis 
of electrical-log data it apparently does in the vicinity of 
Lake Cataouatche. Fresh water in the “200-foot” sand 
in the Lake Cataouatche area is the easternmost exten- 
sion of a large area of fresh water in St. Charles Parish. 
Well Jf-46 is in the area where the aquifer contains fresh 
water. Complete chemical analysis shows the water from 
this well to be moderately hard and to have a slightly 
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high iron content. South of the area where the water in 
this aquifer is fresh, the chloride content gradually in- 
creases, and wells in this sand along and south of the river 
generally yield water that contains about 500 to 900 ppm 
chloride. Higher amounts of chloride are found locally. 
In these areas the “200-foot” aquifer is probably directly 
connected to near-surface sands that contain highly min- 
eralized water. For example, in the area between Bridge 
City and Avondale a shallow sand contains water with a 
chloride content of about 5,000 ppm and a hardness of 
about 2,000 ppm. In this same area a well in the ‘200- 
foot” sand yielded water whose chloride content varied 
from 1,800 to 5,170 ppm and the hardness varied from 
828 to 2,020 ppm in the period January 1957 to November 
1960. This variation indicates that during some periods 
the water of poor quality in the shallower sands moves 
downward into and contaminates the ‘200-foot’” sand 
zone. At other times the movement is upward and the 
quality of water tends toward the normal chloride range 
for the ‘200-foot’”’ sand. Complete chemical analyses of 
water from seven wells in the “200-foot’”’ sand zone are 
listed in table 1 and the locations of these wells are shown 
on plate 3. 


One of the reasons for the neglect of the “200-foot’’ 
sand zone as a source of ground water is its reputation 
for yielding “corrosive”? water that adversely affects well 
life. On the basis of the chemical data available (table 1) 
this seems to be an undeserved description, because the 
“200-foot” sand zone does not yield water any more highly 
mineralized than the “700-foot” sand does in some areas. 
(See table 4.) There are wells in the “700-foot’ sand, 
more than 25 years old, that yield as much as 1,000 gpm 
of 1,000 ppm chloride water. The corrosion caused by salt 
water in contact with metal in the presence of air is not 
unique to any aquifer but applies to all. As the water 
being pumped from a well is not exposed to air until 
after it leaves the well the corrosion problem is usually 
external. 


Water from the ‘200-foot” sand zone is high in cal- 
cium and magnesium; consequently, the water exhibits 
the tendency to encrust well screens with limy material. 
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The observation that wells in this aquifer generally have 
an abnormally sharp decline in specific capacity with 
time tends to verify this conclusion. Thus, part of the 
“corrosive” reputation of the water from the ‘200-foot” 
sand zone is not due to corrosion but is a problem of 
encrustation. Encrustation of the well screen can be min- 
imized by proper well construction. The chief cause for 
the inception of encrustation is the pressure drop across 
the well screen. To keep this pressure drop to a minimum, 
wells must be pumped at a rate low enough to avoid tur- 
bulence as the water enters the well and the well must 
be developed to a high degree of efficiency. In order to 
meet these criteria it may not be practical to construct 
wells that would utilize the full potential of the aquifer 
indicated by the two transmissibility values obtained in 
the pumping tests. However, yields in excess of the highest 
recorded yield of 575 gpm can be obtained from efficiently 
constructed wells. Chemical treatment and redevelopment 
will generally restore the specific capacity of wells af- 
fected by screen encrustation. Such treatment would do 
much to extend the life of “200-foot’’ sand wells, which 
reportedly have not had as long a useful life as wells in 
other aquifers. 
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*400-FOOT” SAND 


HISTORICAL BACKGROUND AND CURRENT USE 


Harris in his report of 1904, dismissed the ‘*400-foot” 
sand with the following sentence: ‘‘In the old well on the 
neutral ground, just referred to, a sand bed was passed 
through from 335 to 480 feet below the surface that fur- 
nished artesian water at the rate of 350 gallons an hour.’” 
Harris made no mention of wells completed in the ‘‘400- 
foot” sand. 


There are now records of 28 wells in the project 
area, all in Jefferson Parish, that are completed in the 
“A00-foot” sand. Only three of these wells pump more 
than a few gallons per minute and the only high-produc- 
tion well was not completed until July 1963. This limited 
use can be attributed to the generally poor quality of water 
in the ‘“400-foot’” sand in areas where the underlying 
“700-foot’”’ sand contains fresh water. 


The pumpage from the ‘'400-foot” sand in 1962 was 
only about 0.5 mgd, but during the last half of 1963 the 
use increased abruptly to about 3.5 mgd. Although with- 
drawals from the “400-foot” sand are small in the project 
area, this aquifer is heavily pumped in St. Charles Parish, 
which adjoins the project area on the west. 


DISTRIBUTION AND THICKNESS 


The “400-foot” sand occurs in only the western part 
of the project area. East of the “‘pinchout” line shown on 
plate 4, the aquifer is not of sufficient thickness to furnish 
large quantities of water. The aquifer becomes progres- 
sively thinner eastward until it becomes almost entirely 
clay. West of the ‘“‘pinchout” line, the thickness of the 
“‘400-foot’”’ sand increases abruptly (pl. 4), ranging between 
95 and 172 feet and averaging about 120 feet. The depth be- 
low mean sea level to the top of the “400-foot” sand is 
shown on plate 4 by contours. 


WATER LEVELS 
In the project area the water level in the ‘‘400-foot” 


1The “old well’ was one that was completed in the “700-foot” sand in 1854. 
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sand varies from about 15 feet below mean sea level 
(27 feet below land surface) at well Jf-60 to mean sea 
level (at land surface) at well Jf-61. The water level in 
well Jf-60 for the period 1960-63 is shown on figure 4. 
There was little recovery or drawdown trend until about 
mid-1963, when water levels were affected by a large in- 
crease in nearby pumping. The slight apparent recovery 
trend (1960-62) is probably due to the cessation of pumping 
from the ‘'400-foot” sand at Destrehan or a decrease in 
use at Norco. 


Water levels in the ‘400-foot” sand are lowest in 
Jefferson Parish, near the Mississippi River, and become 
progressively higher eastward. Withdrawals at Norco in 
St. Charles Parish (about 10 miles west of well Jf-1) af- 
fect water levels throughout the ‘400-foot” sand. This 
pumping center creates a regional cone of depression in 
the “‘400-foot”’ sand similar to that created in the project 
area by pumping from the ‘700-foot” sand. 


WELL YIELDS AND AQUIFER POTENTIAL 


Only two wells in the “‘400-foot” sand were pumped 
at more than 200 gpm at the time (1963) of the field 
investigation for this study. Well Jf-147, which was com- 
pleted in July 1963, reportedly had a specific capacity of 
22.9 gpm per ft dd (gallons per minute per foot of draw- 
down) at a pumping rate of 2,500 gpm. Assuming that the 
well was 100 percent efficient and that the effect of 
partial penetration was negligible, this specific capacity 
indicates a coefficient of transmissibility of about 50,000 
gpd per ft. Both assumptions result in estimating a coef- 
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Figure 4. Fluctuations of water level in the “‘400-foot”’ sand. 


19 


ficient of transmissibility that is lower than the probable 
true value, which is probably on the order of 75,000 gpd 
per ft. 


WATER QUALITY 


Analyses of water from the ‘“400-foot” sand show a 
range in chloride content from less than 50 ppm to more 
than 750 ppm. (See table 2.) Generally the chloride is 
greater than 250 ppm and less than 500 ppm. Chloride in 
this range generally imparts a noticeable taste to water and 
exceeds the U.S. Public Health Service (1962) recom- 
mended limit for drinking water. (See Appendix A.) How- 
ever, there is no health hazard involved in using this 
water for domestic purposes, except perhaps to persons 
who for medical reasons are restricted to a sodium-free 
diet. 


As shown on plate 4, in an area in extreme north- 
western Jefferson Parish, water from the “‘400-foot” sand 
contains less than 250 ppm chloride. Well Jf-123 (see table 
2) in this area yields water which has roughly the same 
chemical quality as treated water from the Mississippi 
River. The only undesirable characteristic of the well water 
is a very slight color. It is probable that the “‘400-foot” sand 
would be satisfactory as a public-supply or supplementary 
source in this area. However, before any large-scale develop- 
ment is attempted the possible effects of northward migra- 
tion of less desirable water as a result of the development 
should be considered. 


Where quality requirements may not be so rigid as in 
the case of public supplies, the high yield reportedly ob- 
tained from well Jf-147 points out the potential of the ‘‘400- 
foot”? sand in furnishing water for domestic, commercial, 
and some industrial purposes. The principal industrial use 
of ground water in the New Orleans area is for cooling. 
Water from the ‘‘400-foot” sand has a temperature ranging 
from 71° to 73°F, which is 2° to 7° lower than that of 
water from the underlying aquifer. 


Water from the ‘400-foot” sand ranges from moder- 
ately hard (61-120 ppm) to very hard (greater than 181 
ppm). The hardness increases as the dissolved solids and 
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chloride increase. The range of hardness of the five samples 
in table 2 is 80 to 268 ppm. The chloride range for these 
samples is 104 to 705 ppm and the dissolved-solids range 
is 665 to 1,840 ppm. In the area where the ‘400-foot” sand 
contains water with chloride of less than 250 ppm, the 
only other constituents that might be objectionable in 
drinking-water supplies are iron and manganese. In only 
one well does the concentration of iron exceed the limit 
(0.30 ppm) recommended by the U.S. Public Health Ser- 
vice (1962), and in all wells the concentration of man- 
ganese is less than the recommended limit of 0.05 ppm. 
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“700-FOOT” SAND 


DEVELOPMENT 


Past use. The “700-foot”’ sand has served the New Or- 
leans area as a source of ground water since at least 1854. 
A well drilled during that year was referred to by Harris 
(1904, p. 45) as “One of the earliest of this class * * *.’” 
Numerous wells were completed in this sand during the 
late 1800’s and early 1900’s primarily because of the lack 
of an adequate public water-supply system. When vis- 
ited during 1960, A. B. Blakemore, a water-well con- 
tractor in the New Orleans area, recalled over 100 
large-diameter wells that he had drilled there prior to 
1908. The result of this early development was a lowering 
of water levels. As early as 1890, flowing yields of wells 
in the ‘‘700-foot’”? sand had declined sufficiently to elicit 
the following comment by an anonymous author, published 
in the “Biennial Report, Board of Health, to the General 
Assembly of the State of Louisiana, 1890-1891.” 

The cause of the diminished flow of our deep wells 
lies in the fact that too many wells are bored in the same 
water-bearing stratum and consequently the unpropor- 
tioned volume of water which is taken from the 58 wells 
in this city is not counter-balanced by the renewed 
precipitation of rain, and under this condition the water 
must cease to flow. 

On the basis of current hydrologic knowledge, the 
anonymous author of the quoted statement could be chal- 
lenged in some respects. However, basically he had defined 
the problem; withdrawals from the ‘700-foot” sand had 
reached such a magnitude that an excessive water-level de- 
cline was the penalty paid in getting the hydraulic system 
to transmit the required amount of water. Few data are 
available for the early years of development, but it is 
estimated that ground-water withdrawals were of the order 
of 5 mgd by 1900. 


An investigation of the ground-water supply of the 
New Orleans area was made in 1942 as a result of war- 
time needs. As a part of this unpublished study a canvass of 
the large-capacity wells in the area was made. From this 


2“this class” as used by Harris was “The common “Yellow- water’ wells,” a 
description which is still definitive of the ‘“‘700-foot’? sand in the New Orleans 
area. 
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information ground-water pumpage was estimated to be 
about 25 mgd. In 1954 the estimated pumpage in the proj- 
ect area was 35 mgd (Eddards and others, 1956, p. 28). 
The 1963 estimate of ground-water use from the ‘‘700-foot’’ 
sand was 51 mgd. The distribution of pumping is shown 
on plate 5, and the locations of wells in the ‘700-foot” 
sand in the project area are shown on plate 12. The net 
result of the increase in pumpage has been a continuing 
decline in water levels throughout the area. 


Can pumpage continue to increase indefinitely? There 
is a limit controlled by the physical makeup of the hydrau- 
lic system. Therefore, let us examine the system, the ‘‘700- 
foot” sand, to determine just what has happened and what 
may happen in the future, assuming that past trends of 
development will continue. 


Water-level fluctuations. Water levels in the New Or- 
leans area show a definite response to changes in pumping 
rate. This response is expressed by both a seasonal fluctua- 
tion and a long-term decline, caused by the continuing in- 
crease in withdrawals. The seasonal fluctuation from a 
spring high to an autumn low is an expression of the 
increase in pumping during the summer months as air- 
conditioning demands increase. The correlation between air 
temperature and water use is shown by figure 5. 


During the period 1906-63 the water level in well Or- 
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Figure 5. Average daily pumpage from the ‘‘700-foot” sand in 
1963 compared with average monthly temperature in downtown 
New Orleans. 
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42, near the downtown center of pumping, declined at an 
average rate of about 1.5 feet per year. A graph (fig. 6) of 
the water level in this well was taken from a continuous 
water-level recorder, which was installed in December 1952. 
The effect of the seasonal increase in pumpage is shown 
on figure 6 by a plot of the average daily pumpage for 
the year 1963 versus the water level in well Or-42. In the 
ll-year period 1953-63, the water level declined at an 
average rate of about 2.1 feet per year, an increase of 40 
percent over the long-term average of 1.5 feet per year. 
The 1953-63 rate of water-level decline was computed by the 
least squares method, but because of lack of data for the 
period between 1906 and 1952, the 1906-63 rate was com- 
puted as an arithmetic average, using the high water level 
for 1906 and 1963. If the present trend (2.1 feet per year) 
continues, water levels will decline an additional 36 feet 
by 1980. However, if the pumping rate increases as pro- 
jected in the following section, the decline will be greater 
than 36 feet. 


As the distance from a major center of pumping in- 
creases, the magnitude of the seasonal fluctuations in 
water level decreases, as does the rate of decline with time. 
The water level in well Or-22, near Chef Menteur, shows 
these effects. (See figure 6.) The long-term rate of de- 
cline for this well is about 0.8 foot per year as opposed 
to 2.1 feet per year at well Or-42. The seasonal fluctua- 
tion is not more than 2 feet, as compared to about 20 feet 
at well Or-42. 


Future use. The primary question is what the demand 
on the “700-foot” sand will be in the future. Figure 7 is 
a plot of the logarithm of pumping versus time for the 
period 1900-63 and extrapolated to 1980. This method of 
projecting the available water-use data gives an estimated 
ground-water use from the “700-foot” sand of 90 mgd by 
1980, an increase of 39 mgd over the estimated 1963 use. 
This increase of about 75 percent in 17 years seems 
rather extreme on first consideration. However, at Louisi- 
ana State University in New Orleans the planned increase 
in ground-water use is from the current 3.5 mgd to an 
eventual 14 mgd. Power demands in the area will require 
at least one more, and probably two, new generating sta- 
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Figure 7. Estimated average daily pumpage from the “700- 
foot” sand, 1900-80. 


tions by 1980. The average ground-water use of the four 
existing stations is about 18.0 mgd; therefore, the addi- 
tion of two new stations or comparable expansion of the 
existing ones would add another 9 mgd to the present use. 
These two examples alone account for about 20 mgd, or 
about one-half of the projected increase for the next 17 
years, so perhaps our estimate is conservative. 


PHYSICAL DESCRIPTION 


The first step in predicting future conditions is to 
define the aquifer in space. Because we are dealing with 
a system that cannot be directly observed it is necessary 
to rely on scattered “bits’’ of subsurface information to 
define the unit. These “bits” of information are from 
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electrical and drillers’ logs of oil-test and water wells 
drilled in the area. From these logs, data were obtained 
on the thickness of the aquifer (pl. 7) and the depth below 
the land surface to the top of the aquifer (pl. 8). The 
“700-foot”? sand in northeastern Orleans Parish is com- 
posed of two distinct hydrologic units. The upper sand is 
the subordinate one in the project area and the thickness 
and depth maps (pls. 7 and 8) do not include it. How- 
ever, its stratigraphic relation to the principal part of 
the aquifer can be seen in the area east of well number 7 
on the fence diagram (pl. 6). 


Thickness. The thickness of an aquifer has an im- 
portant bearing on the ability of the aquifer to trans- 
mit water and on the potential yield of individual wells. 
Therefore, one of the more important parts of this study 
was to determine the thickness of the “‘700-foot” sand in 
the project area. Plate 7 is a thickness map of the ‘700- 
foot” sand based on data from about 70 logs of wells 
that penetrated the full thickness of the aquifer. The 
measured thickness of the ‘700-foot’” sand ranges from 
62 to 338 feet in the area investigated but is generally 
between 100 and 200 feet and averages about 175 feet. 
The sand is thickest in the southwestern part of the area 
and thins to the north and east. 


Structure. The contour map (pl. 8) drawn on the 
top of the ‘‘700-foot” sand is based on about 130 logs of 
wells which penetrated the top of the aquifer. The average 
dip of the “700-foot” sand is southward at about 20 feet 
per mile. In the area beneath Lake Pontchartrain the dip 
apparently flattens to about 10 feet per mile. In general, 
due to regional structural deformation, there is a gradual 
increase in dip in the southerly direction. Locally the dip 
appears to vary considerably; generally this variation can 
be attributed to the appearance and disappearance of local 
sands that merge with the uppermost part of the lower 
(massive) section of the aquifer, or to channels cut in 
the upper surface of the aquifer by streams or tidal cur- 
rents before the overlying beds were deposited. In a few 
local areas small depositional or structural anomalies have 
caused a reversal of dip; that is, the top of the sand dips 
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from south to north. These local anomalies are of no 
significance in the regional picture. 


Fence diagram. Plate 6 is a fence diagram on which 
many geologic sections of the ‘‘700-foot” sand are tied 
together. Such a pictorial representation has the advantage 
of allowing visual correlation of different but related 
information. For example, the relation of the water level 
shown by the spring 1963 water-level map (pl. 9) to the 
top of the aquifer (pl. 8) is shown on the fence diagram 
(pl. 6). In addition, data that cannot be conveniently 
shown by other methods, such as clay lenses in thick 
aquifer sections and the shape of the fresh water-salt 
water interface, can be clearly presented on the fence 
diagram. As can be seen on plate 6, the upper sand is 
subordinate to the principal part of the ‘“700-foot” sand 
and occurs only in the area north and east of well 7. 
Although the upper sand is hydraulically connected to 
the ‘‘700-foot’”? sand, if developed locally it would func- 
tion independently for varying periods of time, according 
to individual well behavior. 


AQUIFER POTENTIAL 


Hydraulic properties. Water is moving through the 
“700-foot’”” sand toward the New Orleans area from all 
directions in response to differences in pressure in the 
aquifer established by pumping. The rate at which the 
water moves is controlled by the thickness of the aquifer, 
the permeability of the sand that makes up the aquifer, 
and the hydraulic gradient. Mathematically this can be 
expressed by Darcy’s equation: 


OPI A. (1) 


where 


Q=—Quantity of water being pumped from the aquifer 

P=—Permeability of the aquifer 

I—Hydraulic gradient 

A=Cross-sectional area through which the water is flowing. 

It may be seen from this brief introduction that sev- 
eral factors must be evaluated in order to predict future 
conditions. The problem is to evaluate these items quanti- 
tatively. Therefore, let us examine the sources of the num- 
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bers that are necessary to make calculations concerning the 
hydraulic system and some of the inherent errors in the 
assumptions required for mathematical treatment. 


The first term is the quantity (Q) of water being 
pumped from the aquifer. This is generally measured in 
gallons per minute on a well basis and in millions of gallons 
per day on a regional or total withdrawal basis. If the 
individual users of well water in the New Orleans area 
metered the amount of water they pumped and kept rec- 
ords of their pumpage, the determination of this value 
would be merely a bookkeeping job. However, in the New 
Orleans area there is not a single ground-water user who 
has a metered record of pumping, and most do not even 
make periodic measurements of well discharge. To obtain 
the quantity pumped the ground-water users in the area 
were interviewed and, on the basis of data secured, the 
best possible estimate of each withdrawal was made. The 
estimation of average daily pumpage is further compli- 
cated by the seasonal variation in ground-water use. The 
summer demand for cooling water, much of it used in air- 
conditioning systems, exceeds the winter demand by about 
20 percent. 


The second term in the equation is permeability (P), 
which the U.S. Geological Survey measures in units of 
gpd per sq ft. Three methods are generally used for de- 
termining this quantity. The first and probably the least 
satisfactory method is the laboratory determination of 
the permeability, using sand samples collected during 
the drilling of wells.® 


Two other methods for determining permeability are 
more regional in scope and are determined from the 
hydraulic responses of the system. One of these is the 
pumping-test method. The results of five pumping tests 
run in the New Orleans area are included in table 3. 


A third method for determining permeability is based 


3Although laboratory permeability tests of sand samples collected during 
drilling in the New Orleans area are of little value, care should be exercised 
to collect the best possible samples of the aquifer. This is necessary because 
grain-size analyses of the formation samples are used to select the optimum-size 
openings for the well screen to be used in the finished well. Poor samples 
might result in sand being pumped into the well if the openings in the well 
screen were too large, or in a reduction in the potential yield of the well if the 
openings were too small. 
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on equation 1. A modified form was discussed by Harder 
(1960, p. 45-52) and may be stated, 


p— SB 
mcL’ 


(2) 


where 


P=Permeability (gpd per sq ft) 

Q—=Pumpage (gpd) 

B=Area between contours (sq mi) 

m—Weighted average thickness of aquifer (ft) 

e —Contour interval (ft) 

L—Length, normal to direction of flow, of the section 

through which the water moves (mi) 

Equation 2 can be applied to evaluate the average 
permeability of the aquifer over a large area, if adequate 
data are available to draw reliable water-level maps and if 


the discharge from wells in the area is known accurately. 


By obtaining the aquifer thickness from plate 7 and 
using the spring 1963 water-level map (pl. 9) and the 
estimated rate of pumping at that time, 47.6 mgd, the 
average permeability for the ‘700-foot” sand across the 
area between the 40- and 50-foot contours is 620 gpd per 
sq ft. A similar calculation with the fall 1963 water-level 
map (pl. 10) gives a permeability of 830 gpd per sq ft. 
The average of these two values is 725 gpd per sq ft, almost 
identical to the arithmetic average of the five values 
obtained by pumping-test methods, 760 gpd per sq ft 
(table 3). The difference in the spring and fall values is 
probably due to errors in determining the correct pumpage 
value used in analyzing the water-level maps and errors 
in sketching the water-level contours where control is 
lacking. 


We know the following hydraulic and physical proper- 
ties of the “700-foot’’ sand of the New Orleans area: 


Average thickness (175 ft) 

Average permeability (740 gpd per sq ft) 
Average transmissibility (130,000) 
Coefficient of storage (0.0006) 


On the basis of the above data and our previous esti- 
mate of future pumping, we can estimate 1980 water levels 
with at least a fair degree of accuracy. We will also in- 
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vestigate the possible deleterious effects continued lower- 
ing of water levels may have on the quality of water in 
the aquifer. 


Predicted water levels. When a well is pumped, the 
water level declines not only in the well but also in the 
area surrounding the well. The area of influence is de- 
pendent on the aquifer’s hydraulic characteristics and on 
the pumping rate and length of time the well is pumped. 
The amount of water-level decline decreases with the dis- 
tance from the well. Figure 8 shows the water-level de- 
cline that theoretically must take place in the ‘‘700-foot’’ 
sand as a result of a well pumping 1,000 gpm continuously 
for one year. If two or more wells (or groups of wells) 
are pumped, the effect of the drawdown of one well or 
group becomes additive to the drawdown of the other. 
It is on this basis that the prediction of future water levels 
in the New Orleans area is made. As the pumpage in the 
area gradually increases, the theoretical effect of the 
addition of each new well or pumping center could be 
calculated. However, this process is laborious and com- 
plex, and the assumptions of when and where each new 
pumping center would appear are so speculative that it is 
advisable to use the following simplifying assumptions: 


(1) There will be little increase in pumpage in down- 
town New Orleans, primarily because of existing regu- 


COEFFICIENT OF TRANSMISSIBILITY (T)=1!30,000 
GPD/FT | | | | | | 


COEFFICIENT we STORAGE (S)= 0.0006 
! 
TIME OF CONTINUOUS PUMPING (t) = 365 DAYS 
1 
PUMPING RATE(Q)= 1,000 GPM 


DRAWDOWN (s), IN FEET 


ie) 
1,000 10,000 100,000 
DISTANCE (r), IN FEET FROM PUMPING WELL 


Figure 8. Theoretical distance-drawdown graph for an aquifer 
having the average hydraulic characteristics of the ‘‘700-foot” sand. 
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lations on the disposal of waste water from such wells. 


(2) The area in Jefferson and Orleans Parishes south- 
east of the downtown New Orleans area is not likely to 
become more industralized, because the completion of the 
new Mississippi River Bridge has opened the area to 
considerable residential expansion. In most of this area 
the ‘‘700-foot” sand contains salty water. 


(3) Western Jefferson Parish is considered a stable 
industrial area, with little expansion anticipated. 


(4) The area from Chalmette to Violet along the 
Mississippi River should expand industrially, but little 
or no fresh water is available in the ‘“700-foot”’ sand, so 
ground-water use should not increase appreciably. 


(5) The area along the Inner Harbor Navigation 
Canal (Industrial Canal) should have an increase in 
ground-water use. 


(6) The New Orleans East industrial community in 
the vicinity of Michoud should have an increase in ground- 
water use. 


(7) At Louisiana State University in New Orleans 
the projected increase in ground-water use is 10.5 mgd. 


(8) The estimated increase in ground-water use for 
electric-power generation has been prorated to the exist- 
ing generating stations. However, some additional power- 
generation facilities may be built at new locations. 


With the above criteria as a guide, an estimate was 
made of the distribution and magnitude of pumping from 
the ‘‘700-foot” sand for the year 1980. (See plate 11.) 


Pumping is the most important factor affecting the 
rate of water-level decline and, consequently, future water 
levels. In addition, recharge to the aquifer at an outcrop 
or suboutcrop and vertical leakage will affect the rate of 
decline, as will gain of water by the aquifer from com- 
paction of confining beds. No attempt has been made to 
evaluate each of these factors independently. However, if 
a water-level profile is drawn on the current (1963) water- 
level surface, it does not correspond to the theoretical 
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water-level profile. It was found that the theoretical 
profile could be made to correspond to the actual profile 
if it were assumed that there was a line source of recharge 
in the area about 35 miles north of downtown New Orleans. 
This assumption was then used to account for the effect 
of all the probable sources of recharge. 


The mathematics of determining the effects of in- 
creased withdrawals at the rate predicted (fig. 7) pro- 
rated to each of the pumping centers shown on plate 11 
are too cumbersome to handle. It was therefore assumed 
that all the increase took place instantaneously. Two dates 
were selected. One, 1963, because it represents the most 
adverse condition which could be expected to occur. The 
other, 1973, was chosen empirically, because increasing 
the pumping to the predicted 1980 rate at this time will 
result in the total additional withdrawals being about equal 
to the total increased withdrawals changing incrementally. 
(See figure 7.) It can also be shown that increasing the 
withdrawals at this time will cause about the same draw- 
down several miles from the pumping centers as does 
increasing the withdrawal rate in steps. 


Calculation of the 1980 water level was then made as 
follows: 


1980 water level at a point=current water level at 
the point plus the anticipated drawdown 
from past and future pumping at the point 
plus drawdown due to other pumping in the 
New Orleans area minus the effects of re- 
charge. 


The nine pumping centers shown on plate 11 were each 
analyzed by this method and the theoretical water levels 
were plotted and contoured to form a water-level contour 
map for the year 1980. The contours were then adjusted 
so that the water-level map would meet the mathematical 
criteria imposed by equation 2. (See section on hydraulic 
properties.) The adjusted water-level map, which was pre- 
pared on the assumption that all the pumping increase took 
place instantaneously in 1973, is plotted on plate 11 so that 
pumpage and water levels for the year 1980 can be seen as 
a cause-effect pair. The map prepared on the assumption 
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that the pumping rate increased abruptly from 51 mgd 
to 90 mgd in 1963 is not included because it had practically 
the same shape as the water-level map on plate 11, except 
that the water levels throughout the area were about 50 
feet lower. 


The preceding calculations of the effects of future in- 
crease in pumpage give at least a tenable prediction of 
water levels in the New Orleans area in 1980; however, a 
method of analysis exists that may provide a more realistic 
picture. An electrical analog model of the aquifer could be 
constructed and much more detailed data than can be con- 
sidered mathematically could be incorporated into its de- 
sign. Items such as vertical leakage, actual rather than 
average aquifer characteristics, changes in pumping rates, 
and many other items can be considered in such a model 
study. Many of the data necessary to construct an electri- 
cal analog model of the “‘700-foot”’ sand are available as a 
result of this study, but neither time nor funds were avail- 
able to do so as a part of this investigation. 


Effects of declining water levels. The discussion of 
water-level decline in the New Orleans area would be with- 
out merit if the decline had no effect on water users. A 
report on the Houston area by Wood, Gabrysch, and Marvin 
(1963) gave an excellent summary of the problems as- 
sociated with water-level declines, which is quoted in the 
following paragraphs. 


. . - Decline of water level (artesian pressure head) has 
resulted in several diverse effects, some easily recognized 
and others not so apparent. The immediate effect of de- 
clining level is increased lift, which increases the cost of 
the water. Continued decline has made it necessary to 
install more powerful equipment in places to obtain the 
same quantity of water, again increasing the cost. Many 
wells have had to be abandoned before their useful life 
should have been finished because their construction did 
not allow a pump setting deep enough to reach the de- 
clining levels * * * 


Another result of water-level decline has been the 
incursion of salt water into centers of heavy withdrawal. 
As all the fresh-water sands in * * * [the Houston area] 
contain saline water at some distance downdip, the re- 
versal of the natural gradients has caused salt water to 
move updip toward the zone of lowered pressure head. 
In heavily pumped areas that originally were close to the 
fresh water-salt water interface or to parts of the sands 
that were in contact with underlying salt-water sands, the 
salt water has moved toward the wells, resulting in the 
deterioration of the chemical quality of the water * * *, 
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Another effect of water-level decline that has been 
unnoticed in many areas, especially at first, is land- 
surface subsidence. As levels declined in the sand beds, 
the load of the overlying sediments caused elastic de- 
formation in the sand beds because part of the load was 
borne by the artesian pressure head, although most of 
it was borne by the skeleton of the aquifer. The land 
surface subsided because the overlying beds are not 
competent to carry the load. The subsidence from elastic 
deformation generally is small, only a few tenths of a 
foot for each several hundred feet of decline of pres- 
sure head. However, the intervening clay beds also contain 
water under artesian pressure that, before pumping, was 
nearly in equilibrium with the pressures of the water in 
the sand beds. As the water level declined in the sand 
beds, some of the water in the clay beds was forced 
out of the clay into the sands. As the pressure head in 
the clay is lowered and more of the load is transmitted 
to the particles making up the clay bed, plastic de- 
formation takes place. 

A few wells in the New Orleans area have been aban- 
doned because well construction would not permit sufficient 
lowering of the pump to maintain the desired pumping 
rate. From an economic viewpoint, planning for water-level 
declines should be an integral part of well design. The 
necessity for increasing motor horsepower and lowering 
pumps in order to maintain the desired pumping rate has 


occurred at several locations in the New Orleans area. 


Quality-of-water changes resulting from the decline 
in water levels are discussed in the following section. 


Subsidence in the New Orleans area as a result of 
water-level decline has not been discerned but may exist. 
High order elevations of previously established bench 
marks are currently (1963) being run in the New Or- 
leans area. These elevations may reflect some land-sur- 
face subsidence which can be attributed to the lowering 
of water levels. A specific program including properly 
designed monitoring stations should be established if the 
current survey shows appreciable subsidence. As pumping 
in the New Orleans area is essentially from one aquifer, 
only a small percentage of the land-surface subsidence 
will be due to withdrawal of water from the ‘700-foot’’ 
sand. Most of the observable subsidence will be due to the 
compaction of near-surface materials caused by surface 
drainage. 


WATER QUALITY 
Any discussion of the chemical quality of water must 
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be related to the utilization of the water. For example, water 
that is entirely satisfactory for public supply cannot be 
used in high-pressure boilers; similarly, water that is suit- 
able for irrigation or industrial cooling may be entirely 
unsatisfactory as a public supply. 


Water from the ‘“700-foot” sand of the New Orleans 
area has never been considered satisfactory for public sup- 
ply. The principal reason for this is a yellow color that is 
characteristic of almost all water in the aquifer. In the 
southern part of the project area, water in the aquifer 
contains an excessive amount of sodium chloride (NaCl), 
or common salt, and thus is generally unsatisfactory. How- 
ever, several industries in the area are using the brackish to 
salty water for cooling purposes. The primary difficulty 
encountered in using this water is corrosion of piping 
systems where water in the distribution system becomes 
aerated. 


The available complete chemical analyses of water from 
wells in the ‘700-foot” sand in the New Orleans area 
are listed in table 4. The location of these wells is shown 
on plate 12. 


Color. A color of organic origin has always been a 
problem to groundwater users in the New Orleans area. 
Little is known about the nature and origin of organic color 
in ground water. That the color originates by water leach- 
ing of decaying vegetation or passing through peat or other 
organic plant remains is known but many details in its 
origin and occurrence are yet to be investigated. Organic 
color is generally not harmful physiologically, but it does 
sometimes give the water a displeasing appearance. 


Organic color can be removed by proper chlorination. 
The ‘‘Betz Handbook of Industrial Water Conditioning” 
(p. 860) states, “The usual method for color removal in- 
volves the use of iron or aluminum coagulants at a low pH 
value followed by filtration. Activated carbon may also be 
employed.” 


Salty water. The zone of transition from fresh to 
salty water in the ‘700-foot” sand passes through the area 
covered by this report. The southern limit of the area where 
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wells can be expected to yield water with a chloride content 
of less than 250 ppm is shown on plate 8. This transition 
zone is a natural one; the original position of the zone was 
dependent on the physical conditions that controlled move- 
ment of water before pumping began. The gradual transi- 
tion of the water in the “‘700-foot” sand from a fresh sodium 
bicarbonate type to a salty sodium chloride type is illustrated 
on figure 9. Plots of the principal anions and cations, in 
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Figure 9. Transmission of water in the ‘‘700-foot” sand from 
a sodium bicarbonate to a sodium chloride type. 


equivalents per million, show the transition from a water 
whose principal anion is bicarbonate (HCO: ) at well Or- 
126 to one whose principal anion is chloride (Cl) at well 
Jf-34. Sodium (Na*) is the principal cation in each case. 
There is little change in the absolute value for bicarbonate; 
only the ratio between this ion and the chloride ion changes 
as the salt (NaCl) content of the water increases. The use 
of the diagrams on figure 9 in studying the mixing of waters 
of different types or the transition from one type to another 
is discussed by Stiff (1951), Hem (1959), and Krieger 
(1968). 
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Pumping from the aquifer apparently has not moved 
the transition zone appreciably from its undisturbed posi- 
tion. This is illustrated on plate 18, which shows the average 
chloride content of water from wells for the periods 1942- 
44 and 1960-62 and nine chloride values obtained from the 
literature for the period from about 1890 to 1900. How- 
ever, there has apparently been some alteration of the 
shape of the fresh water-salt water interface. This alteration 
is probably due to pumping, but leakage of salty water from 
shallow aquifers into old abandoned wells may have had 
a noticeable effect. This will be discussed in some detail, 
primarily to point out the importance of properly plugging 
wells when they are abandoned. Little can now be done with 
the old wells in the area as most cannot be located. 


A. B. Blakemore, who drilled water wells in the New 
Orleans area from the turn of the century to about 1950, 
recalled that in the early days of development wells south 
of the Mississippi River yielded “‘fresh’’ water. Wells in this 
area now yield brackish water. This change is probably not 
due to any major northward advance in the fresh water- 
salt water interface but to an alteration in the shape of 
the interface caused by extensive development. The fence 
diagram (pl. 6) illustrates this alteration very vividly. The 
western side of the fence passes through an area of little 
or no ground-water development. The line of section through 
this area (wells 1, 15, and 35) shows the interface between 
fresh and salt water to be almost horizontal. The section 
through the downtown area (wells 24, 46, and 45), an 
area of extensive development, shows the shape of the 
interface to be at an approximate 45° angle to the horizon- 
tal. 


Figure 10 is a series of diagrams illustrating the 
changes that have occurred as a result of development of 
the aquifer in the downtown area. Fortunately, available 
data document this type of change rather than indicating 
a major northward advance of the fresh water-salt water 
interface. The westernmost chloride value (230 ppm) shown 
on plate 13 for the period 1890-1900 is about half a mile 
northeast of Or-33, a well for which periodic water analyses 
are available, 1954-61. In 1954 the chloride content of water 
from well Or-33 was 120 ppm. Thus water from this well 
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Figure 10. Alteration of the shape of the fresh water-salt 
water interface caused by the pumping of wells. 


had a lower chloride content than that from a well to the 
north roughly 50 years earlier. This indicates a southward 
movement of the interface as shown on figure 10B north 
of well 1. Since 1954 there has been a slow but continuous 
increase in the chloride content of the water from well 
Or-33. By late 1961 is was 256 ppm. This increase indicates 
that well Or-33 must be near the fresh water-salt water 
interface and pumping from the well is locally altering 
the shape of the interface. The interface may in time occupy 
a position similar to that at well 1 in figure 10C. 


An abandoned small-diameter well (Jf-100, pl. 12) 
south of the river occupies a position similar to that of well 
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4 in figure 10C. In 1954 the chloride content of water from 
this well was 166 ppm; in 1962 it was 670 ppm. Well Jf-44, 
about 2 miles north of Jf-100 and in a position similar to 
well 2 on figure 10C, yielded water with a chloride content 
of 900 ppm in 1954 and 1,440 ppm in 1960. The above in- 
creases indicate that the small amount of fresh water left 
in the aquifer south of the river as the interface changed 
is slowly being flushed from the aquifer. The period 1954 
to the present covers a change in conditions at these two 
wells (Jf-44 and Jf-100) similar to the changes that occurred 
between early development and the present. (See figures 
10B and 10C.) 


Salt water coning upward into wells pumping fresh 
water from the upper part of the aquifer is probably the 
initial stage in the alteration of the shape of the interface. 
An excellent example of this initial stage is well Jf-31. This 
well is shown between wells 16 and 17 on the fence diagram 
(pl. 6) in an area where the fresh-water section of the aqui- 
fer is roughly three times as thick as the salt-water wedge 
in the lower part of the sand. Even though the well is com- 
pleted in the upper part of the fresh-water section, the 
chloride content of water from well Jf-31 has risen from 
47 ppm in 1951 to 436 ppm in 1962. Continued development 
of the aquifer will eventually alter the fresh water-salt 
water interface in this area as past development has done 
in the downtown New Orleans area. 


By a fortunate circumstance of geography, the original 
development of the ‘700-foot” sand took place near the 
interface between fresh and salt water. As a result the 
general position of the interface has not shifted appreciably 
northward, a stroke of good luck for many ground-water 
users in the New Orleans area. Development along the 
interface in effect sets up a system of barrier wells that 
protects the area north of the interface between fresh and 
salty water. Salty water moving northward is pumped from 
wells before it can contaminate the aquifer north of the 
line marking the southern limit of occurrence of fresh 
water. So long as wells exist along and south of this line, 
most of the New Orleans area will be protected from the 
northward migration of salty water. For this reason, in- 
dustries in the interface area that can use brackish to 
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salty water should be encouraged to do so, as their pumping 
will continue to protect the aquifer from salt-water con- 
tamination. 


Contamination by wells. One source of salt-water con- 
tamination to the ‘‘700-foot” sand is abandoned wells. Since 
other aquifers in the area generally contain more highly 
mineralized water, a leak in the well casing opposite one of 
these sands may allow contamination of the ‘“700-foot”’ 
sand. 


The mechanics of this type of contamination can best 
be illustrated by an example of a well located in an area 
where the ‘‘700-foot” sand has a chloride content of about 
80 ppm. 


The original (1952) chloride content of the water 
from this ‘‘700-foot”’ sand well was 79 ppm. By 1959 the 
chloride had increased to 98 ppm and at this time began a 
rapid rise, reaching 434 ppm by 1962. During most of this 
10-year period the well was pumped more or less continuous- 
ly at a rate of about 200 gpm. From the above it would 
appear that the change in chloride could be ascribed to 
movement of the fresh water-salt water interface. How- 
ever, other data show that this was not the case. For ex- 
ample, as the chloride content increased the well began to 
pump more and more sand. During the spring of 1960, the 
well was out of service for 13814 hours. When the well was 
returned to service, samples of the water were taken period- 
ically. After 3 minutes of operation at 200 gpm the chloride 
was 4,700 ppm and after 8 minutes it had decreased to 
1,940 ppm. 


What was happening? Figure 11 illustrates this source 
of contamination. Figure 11A shows the well in operation 
without a casing leak; water is entering the well screen and 
moving up the well to the pump and being discharged at 
the surface. In figure 11B the casing is leaking. Water is 
still entering the well through the screen and moving up 
the well to the pump, but water is also entering the well 
through the leak and being pumped out of the well. So long 
as the well remains in service no contamination takes place. 
Calculation shows that in the example cited the leak was 
about 15 gpm by the time the chloride reached 434 ppm with 
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Figure 11. Contamination of the ‘‘700-foot’”’ sand by leakage. 


the well pumping continuously. During the 1314-hour period 
the well was not in use, the water leaking into the well moved 
down the well and out into the aquifer (fig. 11C), just as it 
would do if the well were abandoned. When the well was 
returned to service the first water pumped from the well 
was that which had leaked into the “700-foot” sand. 


If this well had not been properly plugged when it was 
abandoned, it would have been leaking about 8 million gal- 
lons a year of water with a chloride content of about 4,700 
ppm into the ‘“700-foot” sand in the area where it contains 
water with only about 80 ppm chloride. As there are prob- 
ably at least 100 to 150 wells in the New Orleans area which 
have been abandoned for 40 years or more, this could result 
in a serious contamination problem. 


Fortunately things are not this bad, because the sand 
that enters the well with the salty water tends to plug the 
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well and screen, and most of the contaminating water is not 
as high in chloride as in the example cited. Little or nothing 
can be done with most of the long-abandoned wells in the 
New Orleans area, for they cannot be located. However, a 
continuation of this problem can be prevented if well owners 
will use proper plugging procedures when they abandon 
wells. The best technique is to fill the well from bottom to 
top with concrete, or at least fill the well from the bottom 
to above the top of the ‘700-foot” sand with concrete. The 
next best method is to fill the well with puddled clay. 


If wells are constructed with this problem in mind, 
their useful life will be increased and they will not become 
possible sources of contamination after their abandonment. 
The well casing should be cemented in the hole so that 
a jacket of neat cement fills the annulus between the casing 
and the bore hole. Fortunately, many recent wells in the 
New Orleans area have been constructed in this manner. 


Vertical leakage. Water leaking through the clay beds 
which confine the ‘700-foot’”? sand may have a long-term 
effect on the quality of water in the aquifer. Throughout 
the entire area of investigation the aquifers adjacent to the 
“700-foot”’? sand contain water that is more mineralized 
than that in the fresh-water part of the “700-foot”’ sand. 
The current rate of leaking is estimated to be, at most, 
1 mgd. This is about 2 percent of the current average daily 
withdrawal. If the water leaking into the ‘‘700-foot” sand 
is salty, long-term records of quality should reflect a chlo- 
ride increase with time. The only well (Or-61) for which 
data are available, and which is properly situated to serve 
as a monitoring point, shows no increase in chloride in the 
past 18 years (1951-63). It may be that pumping in the 
area is removing the water which leaks into the aquifer, but 
in this case some increase in chloride content should be 
detected. However, two other possibilities exist: (1) the 
rate of leakage is much lower than the estimate of 1 mgd, 
or (2) ionic filtration is removing the salt (NaCl) from the . 
water during its passage through the confining clays. 


The estimate of leakage may be in error because of the 
lack of permeability data for the confining clays. Detailed 
permeability studies of the confining clays would be neces- 
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sary to evaluate the estimate adequately. Ionic filtration 
has been suggested (Bredehoeft and others, 1968) as one 
method by which salt is removed from ground water leaking 
through a confining bed. Although little is known about 
the operation of such a process, it is probably the most fea- 
sible explanation of the lack of any observable increase in 
chloride content in the ‘“700-foot’” sand due to vertical 
leakage. 


Continued monitoring of the quality of water in the 
fresh-water part of the ‘‘700-foot’” sand may in time show 
some significant quality change. Until such becomes the 
case, vertical leakage must be considered beneficial because 
it aids in slowing the rate of water-level decline. 


ARTIFICIAL RECHARGE 


Declining water levels should be a matter of concern 
to individual water users not only because of the increased 
cost of pumping water but also because of the possibility 
that the aquifer may become contaminated with salty water. 
The seriousness with which individual ground-water users 
view this possibility will be the controlling factor in doing 
something to alter the anticipated conditions. 


As previously discussed, the lowering of water levels 
is the hydraulic penalty that must be paid in order to obtain 
water at the rate demanded by users. A major concern 
caused by the lowering of water levels is that it results in 
water in the ‘‘700-foot” sand moving toward the New Or- 
leans area from all directions. Thus the salty water that 
moves toward the area from the south is a potential source 
of contamination. Wells along the fresh water-salt water 
interface now act as protective barriers to the northward 
advance of the salt water. 


Since the rate of decline in water level depends on the 
amount of water being removed from the aquifer, what 
must be done to improve the future outlook is to reduce 
the projected net withdrawal. This reduction can be ac- 
complished by (1) restricting the increase in water use, or 
by (2) returning water to the aquifer after the water has 
been used, provided that the use has not altered its chemical 
quality. If it is assumed that no restriction will be placed 
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on use, then the second alternative is the only one open to 
discussion. 


Many areas, troubled by salt-water encroachment or ex- 
cessive water-level declines, have resorted to artificial re- 
charge to alleviate their problem. For literature on the 
subject, the reader is referred to the annotated bibliography 
of articles on artificial recharge by Todd (1959). 


Only a brief discussion of the beneficial and adverse 
aspects of artificially recharging the “700-foot” sand is 
included in this report. On the credit side is the minimizing 
of salt-water encroachment by reducing the projected rate 
of water-level decline. On the debit side is the unknown 
long-term effect on ground-water temperatures from in- 
jecting water that is warmer than the native formation 
water and the additional expense of constructing in- 
jection wells. At least a part of the added cost would be 
offset by being able to dispose of waste water (provided its 
quality was satisfactory) by injection rather than con- 
structing drainage facilities, and by the long-term savings 
accrued as a result of maintaining pumping lifts at a more 
economical level. 


It would also be possible to offset the anticipated in- 
crease in ground-water temperature by injecting cool treated 
Mississippi River water during the winter months, in effect 
storing cool water in the ground until it is needed during the 
summer. 


Only one known attempt to recharge the ‘700-foot” 
sand in the New Orleans area has been made. Pumping 
from the well was constant but the demand varied and the 
excess water was returned to the aquifer via an unused well. 
The attempt at recharge was unsuccessful, not because of 
serious engineering problems but because the water being 
used for recharge was aerated before it reentered the aqui- 
fer. The aeration allowed the growth of algae which plugged 
the recharge well. Proper design of the recharge system and 
chlorination of the recharge water prior to its return into 
the aquifer might have eliminated this problem. 


The above experience emphasizes the necessity for some 
prior experimentation with the hydraulics and design of re- 
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charge wells before they are considered a “‘cure-all’’ for the 
salt-water encroachment and water-level problems of the 
New Orleans area. The effect of recharging the “‘700-foot’” 
sand with water that is several degrees warmer than the 
native water can be evaluated only by analyzing experi- 
mental data covering a period of several years. The need 
for several years of record by which to evaluate the life 
span and other characteristics of recharge wells points out 
the necessity for doing the experimental work as soon 
as possible. 
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*1,200-FOOT” SAND 
HISTORICAL DEVELOPMENT AND CURRENT USE 


The ‘‘1,200-foot” sand is currently little used as a source 
of ground water in the New Orleans area. In 1963 wells 
pumped water from this aquifer at only three locations 
(pl. 14). The reason for limited use is the poor quality of 
the water, which ranges from slightly saline to brine. In 
the early 1900’s and possibly somewhat earlier, the ‘‘1,200- 
foot” sand was developed to supply swimming pools, partic- 
ularly because the flowing artesian pressure was greater 
than that of wells in the “‘700-foot” sand. Harris in his 
1904 report considered this aquifer one of “two well-defined 
water-bearing strata under New Orleans.” The other was the 
“700-foot” sand. 


Sufficient data are not available to evaluate the use of 
water from this aquifer in the past; however, the limited 
available data do indicate that withdrawals probably never 
exceeded more than a few million gallons per day. In 1960 
the average pumpage from this aquifer was only about 
0.25 med. 


AREAL EXTENT AND THICKNESS 


The extent of the area where water in the ‘“‘1,200-foot”’ 
sand has a dissolved-solids content of 10,000 ppm or less 
is shown on plate 14. The depth below mean sea level to the 
top of the aquifer shows a general southwesterly dip of 
about 25 feet per mile. The depositional environment re- 
sponsible for the “1,200-foot” sand was probably about the 
same as that responsible for the “‘700-foot” sand but with 
the center of deposition shifted northward. The known 
thickness of the “1,200-foot” sand ranges from a maximum 
of about 130 feet at well Or-172 to a minimum of about 50 
feet at well Or-161. 


HYDRAULIC PROPERTIES 


No pumping tests of the ‘‘1,200-foot”’ sand were made 
during this investigation. One well (Or-156) had a reported 
test yield of 1,500 gpm, but none of the active wells yield 
more than about 500 gpm and most no more than about 200 
gpm. 

Two reported values for specific capacity of wells in 
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the ‘‘1,200-foot”’ sand are 2.2 gpm per ft dd for wells Or- 
161 and 15.8 gpm per ft dd for well Or-156. If these wells 
were 100 percent efficient, then transmissibility of the 
aquifer at the two sites would range from about 4,000 to 
about 40,000 gpd per ft. Because the thickness of the aquifer 
varies considerably between these two locations, the perme- 
ability does not have nearly as wide a range as the trans- 
missibility, the values being 80 and 300 gpd per sq ft, re- 
spectively. It is possible that the apparent downdip decrease 
in permeability is exaggerated by a low efficiency of well 
Or-161. However, because this sand was probably deposited 
in a near-shore environment, a downdip decrease in perme- 
ability should be expected, as the finer materials would have 
been deposited farther offshore. 


The ‘‘1,200-foot” sand is hydraulically isolated from the 
overlying ‘‘700-foot”’ sand at every location where data are 
available. The thickness of the clay bed between the aquifers 
is generally in excess of 30 feet. However, the water-level 
history indicates rather strongly the existence of some direct 
hydraulic connection between the ‘1,200-foot” and ‘700- 
foot” sands. Harris (1904) reported a water level of 12 
feet above ground level at “Fabacher’s well” (Or-119, pl. 
14), or about 18 feet above mean sea level. Recent (1963) 
data at several locations show water levels from about 9 to 
12 feet below mean sea level, indicating a decline of about 30 
feet in 60 years. It is improbable that a decline of this mag- 
nitude could have been caused by the low pumping rates of 
the past. 


The most likely explanation of the water-level decline 
lies in two different factors, both having to do with re- 
charge to the “700-foot” sand. One is leakage through 
the confining clay above the “1,200-foot” sand, and the 
other is some direct hydraulic connection between these 
aquifers. 


The area where connection may exist is unknown, but 
test drilling in the near future (1964-66) may establish 
such an area. If one exists in the Lake Pontchartrain area 
where the ‘1,200-foot’”? sand contains fresh water, con- 
nection between the two sands would be beneficial to the 
““700-foot” sand, by slowing the rate of water-level decline. 
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WATER QUALITY 


Within the area under investigation, water in the 
“1,200-foot” sand ranges from fresh to brine. Chemical 
analyses are listed in table 5. Well Or-75 is in a quality-of- 
water situation similar to that of well Jf-31, where the 
upper part of the aquifer contains fresh water and the lower 
part salty water. The chloride in water from Or-75 increased 
from 221 ppm in 1958 to a record high of 553 ppm in 1961. 
In 1961 a new well (Or-156) was drilled at the site of Or- 
75 but was completed about 40 feet deeper into the “1,200- 
foot” sand. The initial chloride content of water from this 
well was 838 ppm. As the bottoms of these two wells are 
only 75 feet apart horizontally and 40 feet vertically, the 
difference in quality points out vividly the effect of the basal 
salt water in the “1,200-foot”’ sand. 


The existence of a fresh water-salt water interface in 
the “‘1,200-foot’”’ sand similar to the original interface in the 
“700-foot” sand again points out the similarity of conditions 
in these two aquifers. That the interface in the ‘1,200-foot”’ 
sand is farther north than that of the ‘700-foot’’ sand is 
unfortunate, because it prevents the distribution of pump- 
ing between the two aquifers. The “1,200-foot” sand con- 
tains fresh water throughout its entire thickness in the 
latitude of Irish Bayou. 


Partial chemical analyses of water from well Or-10 
(replaced by well Or-161) tend to indicate the close relation 
between the highly mineralized water in the “1,200-foot”’ 
sand and sea water. The aquifer, a sand deposited under 
marine conditions, originally was full of sea water. Later 
in its geologic history, fresh water entered the aquifer and 
moved southward, slowly flushing the salt water from 
the aquifer. Flushing probably continues today but at a 
slower rate as it is affected by a reduction in head caused 
by leakage of water into the ‘‘700-foot” sand. 
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SUMMARY AND CONCLUSIONS 


In the northwest corner of Jefferson Parish both the 
*‘200-foot”’ and ‘‘400-foot” sands contain fresh water and 
are virtually untapped. Before extensive development is 
considered it must be realized that such action would prob- 
ably cause the northward movement of more highly mineral- 
ized water. In almost all the western half of the project area 
moderate to large quantities of slightly to moderately saline 
water could be pumped from these sands. If water quality 
is not critical, use of the “‘200-foot” and ‘‘400-foot” sands 
rather than the ‘‘700-foot’? sand would be beneficial, be- 
cause it would reduce the water demand being made on the 
““700-foot”’ sand. 


The ‘‘1,200-foot” sand is thickest in the eastern half of 
the project area and will probably yield large quantities of 
saline water through most of northeastern Orleans Parish. 
Fresh water occurs at the latitude of Irish Bayou and north- 
ward. 


Water levels in the “‘200-foot,” ‘400-foot,” and ‘‘1,200- 
foot” sands are generally within 20 feet of the land surface. 
The only exception of consequence is the “400-foot” sand 
in western Jefferson Parish, where water levels as low as 30 
feet below the land surface may result from the industrial 
pumping at Norco in St. Charles Parish. The stage of the 
Mississippi River has a definite effect on the “200-foot’’ 
sand water levels. A high river stage will cause wells in this 
sand to flow. 


The “700-foot” sand is the principal source of ground 
water in the New Orleans area. In 1963 more than 90 per- 
cent of all the ground water used in the area was pumped 
from this sand. The 1963 withdrawals of 51 mgd are ex- 
pected to increase to about 90 mgd by 1980. As a result, 
water levels will continue to decline from their present low 
of about 130 feet below mean sea level to an estimated low 
of about 250 feet below mean sea level in 1980. Some north- 
ward movement of salt water has occurred; however, at 
the present time (1963) wells along the interface between 
fresh and salty water have created a “‘protective pumping” 
barrier to the northward advance of the salty water. As 
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long as the wells along the interface continue to pump at an 
adequate rate, the danger of salt-water contamination in the 
area north of the interface is minimized. 


Water users in the area should seriously consider the 
following actions so that changing conditions can be pre- 
dicted accurately and soon enough to allow time to plan 
properly for the future. 


1. Continue to measure water levels so that records 
are available to aid in planning well construction and to 
determine areas where water-level declines may become crit- 
ical. 


2. Continue to collect periodic water samples from 
strategically located wells so that movement of the salt- 
water front can be monitored. 


3. Maintain records of all large-capacity wells drilled 
in the area. 


4. Meter pumping from every large-capacity well in 
the area. 


5. Plug properly all abandoned wells to eliminate them 
as a possible source of aquifer contamination. 


Two other actions to provide guides in planning for the 
future should be considered. One is the construction of an 
analog model of the ‘700-foot’” sand to determine the 
theoretical effects of future development. Another would be 
a research project to study artificial recharge of the ‘‘700- 
foot” sand. 
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APPENDIX A 


EXPLANATION OF CHEMICAL ANALYSES 


The chemical analyses of ground-water samples in- 
cluded in this report were made by the U.S. Geological 
Survey, Branch of Quality of Water, except as noted in the 
“Remarks” column. Chemical constituents are reported in 
parts per million. One part per million represents 1 milli- 
gram of solute in 1 kilogram of solution. The results of 
water analyses by some laboratories are reported in grains 
per gallon; this system of units can be converted to parts 
per million by multiplying by 17.1. 


To enumerate fully the possible effects which the 
various chemical constituents normally found in ground 
water might have in all the possible applications to which 
the water might be put is beyond the scope of this report. 
The California Water Quality Control Board (1963) pub- 
lished “Water Quality Criteria,” which includes a biblio- 
graphy with 3,827 entries. This report is an excellent refer- 
ence. 


The U.S. Public Health Service (1962) published a set 
of standards to which drinking water used on carriers sub- 
ject to Federal quarantine regulations must conform. These 
criteria are recommended for public water supplies and are 
accepted by the Louisiana State Board of Health (oral com- 
munication, John E. Trygg, 1962). For this reason the 
pertinent recommendations on water-quality limits are 
tabulated below: 


Constituent or Recommended 
property limit Remarks 

Chloride (Cl) 250 ppm 500 ppm sometimes accept- 
able 

Sulfate (SOz) 250 ppm 

Dissolved solids 500 ppm 1,000 ppm sometimes 
acceptable 

Iron (Fe) .d ppm 


Manganese (Mn) .05 ppm 


Fluoride (F) 1.0 ppm The limit for fluoride de- 
pends on the annual aver- 
age maximum daily air 
temperature—in New Or- 
leans about 78°F. 
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Constituent or Recommended 


property limit Remarks 
Nitrate (NOs) 45 ppm 
Color 15 units 
Turbidity 5 units 


Following is a list of the chemical properties and con- 
stitutents commonly determined in a complete analysis and 
a brief statement on the effect they have on the usability 
of the water. 


Temperature. 

The temperature of water from a well is controlled mainly 
by the following factors: (1) depth of the well, (2) sources 
of recharge, (3) rate of water movement through the aquifer, 
and (4) geologic structure. Most shallow wells, less than 350 
feet deep, yield water with a temperature between 66° and 
71°F. Wells in the ‘‘700-foot’”’ sand yield water with a tem- 
perature between 73° and 78°F. The temperature of water 
from wells in the project area generally does not exhibit sea- 
sonal variations. 


Silica (SiOz). 
Not known to have any harmful effects on humans, live- 
stock, or for irrigation in the quantities found in natural water. 
Cannot be tolerated in high-pressure boiler-feed water or in 
steam turbines because it forms a scale under high pressure 
and temperatures. 


Iron (Fe). 

Forms yellow-brown stains on fixtures and clothing, and water 
with high iron content cannot be used by most process indus- 
tries. Concentrations above about 0.5 to 1.0 ppm impart a taste 
to water. “Total iron” in the tables is the total amount found 
in a separate sample which is acidized to keep all the iron 
patel as it was presumed to be at the time the sample was 
collected. 


Manganese (Mn). 
Resembles iron in its chemical behavior but forms darker, more 
pore stains even when present in quantities of less than 
.1 ppm. 


Calcium (Ca). 
Imparts hardness to water and forms boiler scale when 
present with alkalinity or sulfate but is not harmful for human 
consumption. A high ratio of calcium to sodium is desirable in 
water to be used for irrigation, because the calcium tends to 
maintain good soil structure and permeability. 


Magnesium (Mg). 
Has the same general effect on water quality as calcium. 


Sodium (Na). 
Not particularly significant in drinking water except in cases 
where a sodium-free diet may be necessary. More than 50 ppm 
of sodium and potassium, singly or in combination, may cause 
foaming in boiler-feed water. 
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Potassium (K). 
Has the same general properties as sodium. 


Carbonate (CQs;). 
See bicarbonate below. 
Most carbonate in natural water converts to bicarbonate prior 
to analysis. 


Bicarbonate (HCQs;). 
Bicarbonate and carbonate determine the alkalinity (ability 
to neutralize acid) of water. In combination with calcium and 
magnesium, causes carbonate hardness. 


Sulfate (SO:). 
Sulfate salts in higher concentrations are cathartics but normally 
are a minor constituent of ground water in the project area. 


Chloride (Cl). 

Imparts the “salty” taste to water. Although a limit of 250 
ppm is recommended by the Public Health Service, Welsh 
and Thomas (1960, p. 295) report that concentrations up to 
4,000 ppm have no effect on the health of normal persons but 
high concentrations may be injurious to people with some types 
of heart and kidney diseases. Causes or accelerates corrosion 
in metal pipes, boilers, and other metal equipment. Crops are 
injured by high concentrations of chloride; however, the 
tolerance of various crops ranges widely and is affected by 
type of soil and amount of rainfall. 


Flouride (F). 
Fluoride in concentrations up to 1.7 ppm, dependent on tem- 
perature (U.S. Public Health Service, 1962), is generally 
considered beneficial in preventing tooth decay. High concen- 
trations may cause a permanent discoloration of the teeth of 
children; adults are not affected, as discoloration occurs only 
during formation of the teeth. 


Nitrate (NOs). 
Nitrate in concentrations greater than 10 ppm suggests water 
pollution from human and/or animal wastes. In concentrations 
above 44 ppm, nitrate is a factor in the occurrence of cyanosis 
due to methemoglobinemia (‘‘blue baby disease’’) in infants and 
should not be used. 


Boron (B). 
In the concentrations normally found in the project area, 
boron is not important in drinking water. It is a very critical 
constituent in water used for irrigation because, although 
essential to plant nutrition, as little as 1 ppm may injure 
citrus trees and bean crops and more than 2 ppm will, in 
time, injure many common crops. 


Phosphate (PO:). 
Phosphate in the concentrations found in ground water in the 
project area does not affect the potability of the water. 


Dissolved solids. 
The total mineral matter present in the water. Calculated by 
making a proper chemical sum using the determined constitu- 
ents and/or by evaporating a known quantity of water and 
weighing the residue. The U.S. Geological Survey (Krieger, 
Hatchett, and Poole, 1957, p. 5) uses the following classification 
of water, based on its dissolved solids: 
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Dissolved solids 


Classification (in parts per million) 

Slightly saline 1,000- 3,000 

Moderately saline 3,000-10,000 

Very saline 10,000-35,000 

Brine 35,000+ 
Hardness. 


pH. 


Hardness is a property of water attributable to the presence 
of alkaline earths, principally calcium and magnesium. Car- 
bonate (“‘temporary’’) and noncarbonate (“permanent”) forms 
of hardness are computed from the total hardness and alkalinity 
determinations. Carbonate hardness can be readily removed 
by treatment. Noncarbonate hardness is more difficult to re- 
move. Because soap in hard water forms a curd or scum rather 
than a lather, hardness is undesirable in water to be used for 
domestic purposes. A degree of hardness also indicates that 
the water will have a scale-forming tendency if used in boilers 
or other heat-exchanger equipment. The classification used by 
the Geological Survey for water hardness is as follows: soft, 
0-60 ppm; moderately hard, 61-120 ppm; hard, 121-180 ppm; 
and very hard, over 180 ppm. 


pH is a measure of the hydrogen-ion activity of a solution. 
A value of 7.0 is neutral; below 7.0 is acid; above 7.0 is 
alkaline. Most natural waters in the project area are alkaline. 
There is generally a change in pH between the time of sample 
collection and the time of analysis; therefore, pH values deter- 
mined at the time of collection are marked in the tables 
by the letter ‘‘f.” 


Specific conductance. 


A measure of the ability of water to conduct an electric current 
is its specific conductance. The conductance is a rough measure 
of the dissolved-solids content. The following relationship can 
be used to estimate dissolved solids from conductance: dis- 
solved solids = specific conductance X (0.60 + 0.10) (Hem, 
1959, p. 40). 


Color. 


Color is generally due to substances in solution, which in the 
project area are organic compounds. Although not known to be 
physiologically harmful, color is undesirable in water for many 
uses, and the Public Health Service recommends a limit of 15 
units for drinking water. A color of this magnitude would 
not normally be detected by most individuals. 
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TABLE 3. RESULTS OF PUMPING TESTS OF THE 
“700-FOOT” SAND 


Transmissi- 


Location of test bility Thickness | Permeability} Coefficient 
(gpd/ft) (ft) (gpd/ft2) of storage 
Louisiana Power and Light Co., Nine-Mile 
Pomt Generating Station... o. a... .ses <2 - 140,000 220 640 6x 10—4 
Louisiana State University in New Orleans........ 180,000 215 840 9x10—4 
New Orleans International Airport 
(Moisantiield) sao. oe See Ree eet oe ee 150,000 220 680 4x10—4 
National Aeronautics and Space 
AG MINIstratlons MICNOUC en icicisicrerecterstcieversisiersiers 100,000 120 830 DEX Ome 
New Orleans Public Service, Inc., 
Paterson Generating Station................. 90,000 110 820 4x10—4 
HA VET AL Cuahl eiacreatorn erates 760 6x10—4 
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7 WATER-LEVEL CONTOUR SHOWING 
ALTITUDE>S-OF, WATER-LEVEL. 


CONTOUR INTERVAL IO FEET 

WITH 5-FOOT SUPPLEMENTAL 
CONTOUR (DASHED). DATUM IS 
MEAN SEA LEVEL. (CONTROL 
POINTS SHOWN) 


i 


SennnannccchnannshennenanAenAsnsannAnAnn tee Ker RRIR ROR EARP LAA AAAIORERHERIAELIMY DH ERERYLHEDHPHDAEALAP ACSW OE DEEEOED 


we + we 


ox 
PLATE § WATER LEVEL IN THE “700-FOOT” SAND, MARCH 4-8, 1963, NEW ORLEANS AREA, LOUISIANA L Gg 


aft. 4064 


- er! WMEN@OL RELIC ae Aa. a rh: 


} 


a ein es, i a P Vi oie ‘4 4 Spetenre 
ie Ca 


haben aS sin hd 


hoor nt . ‘ee Fer 4 
Ana ~ oreo T —. "e 
‘per av ’ gee 
bd wt au . é } 
i] t ae 
” " . 
_ peers wm 5 +n 
¥ . ee 
aa 


° 
s 
te 
4 
9 ° 
% 
a 
w 
a 
oe 
i ill fone ah 2 
: a — 
a 
= 
°F 7" a 4 
— a i 
° 7 
e - 
' 
4 
4 
ni 
sf 
= 
Fé 
ro 
2 a 
iy . 
. % 


i tae “ d 
‘ oe . . 
Chua * . 
on’ 
4 
’ 
4. 
™ 


J 
ES ty Ce Li ’ 
» smal” Saad 


Rhee ’ 


7 


/ 


/ 


EXPLANATION 


AREA WHERE AN UPPER SAND 
UNIT OF THE "700-FOOT" SAND 
OCCURS 


7 SOUTHERN LIMIT OF AREA WHERE 
WELLS SHOULD YIELD WATER WITH 
A CHLORIDE CONTENT OF LESS 
THAN 250 PARTS PER MILLION 


f STRUCTURE CONTOUR SHOWING 


ALTITUDE OF TOP OF "700-FOOT" 


/ 


SAND. CONTOUR !NTERVAL 50 
FEET. DATUM IS MEAN SEA LEVEL. 
(CONTROL POINTS SHOWN) 
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EXPLANATION 
O% CONTOUR SHOWING THICKNESS OF 
20 THE "700-FOOT" SAND. CONTOUR 
v6 INTERVAL 50 FEET. (CONTROL 
POINTS SHOWN) 
820 PERMEABILITY OF THE "700-FOOT" 
= SAND IN GALLONS PER DAY PER 
SQUARE FOOT AS DETERMINED 
BY PUMPING TEST 
= : j ro 
PLATE 7. THICKNESS AND COEFFICIENT OF PERMEABILITY OF THE “700-FOOT” SAND, NEW ORLEANS AREA, LOUISIANA “ 
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INDEX MAP SHOWING LOCATION 
OF FENCE DIAGRAM 


EXPLANATION 


—— PIEZOMETRIC SURFACE OF "700-FOOT" 
SAND, MARCH 4-8, 1963 


CHLORIDE CONTENT OF WATER FROM 
THE “700-FOOT" SAND LESS THAN 
250 PARTS PER MILLION 


CHLORIDE CONTENT OF WATER FROM 
THE "700-FOOT' SAND GREATER 
THAN 250 PARTS PER MILLION 


SEE APPENDIX B FOR INDEX TO WELLS 
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PLATE 6. FENCE DIAGRAM SHOWING THE “700-FOOT” SAND IN JEFFERSON, ORLEANS, PLAQUEMINES, LG3Zw 
AND ST. BERNARD PARISHES, LOUISIANA 
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4& OBSERVATION WELL (SEE FIG, 6) 
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147 WATER WELL NUMBER (IN TEXT) 


//6 THICKNESS OF "“400-FOOT" 
SAND 


@ WELL LOCATION 


AREA WHERE CHLORIDE IS LESS 
THAN 250 PPM 
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AREA WHERE CHLORIDE IS MORE 
THAN250-PPM, BUT. GENERALLY 
LESS THAN 500 PPM 


“~ STRUCTURE CONTOUR SHOWING 

ay ALTITUDE OF TOP OF "400- 

ae 5 FOOT" SAND IN FEET BELOW 
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PLATE 4. QUALITY OF WATER, DEPTH, AND THICKNESS OF THE “400-FOOT” SAND, NEW ORLEANS AREA, LOUISIANA G 
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EXPLANATION 
23. WATER WELL NUMBER (IN TEXT) 


202" — DEPTH: OF WELLE INGFeEL 
e WATER WELL 


A WATER WELL (CHEMICAL ANALYSIS 
IN TABLE 1) 

hee AREA WHERE “200-FOOT" SAND 

SHOULD YIELD FRESH WATER 
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PLATE 3. AREA OF OCCURRENCE OF THE “200-FOOT” SAND, WELL DEPTHS, AND WATER QUALITY, NEW ORLEANS AREA, LOUISIANA 
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PLATE 2. LOCATION OF POINT BARS, ST. BERNARD 
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AREA UNDERLAIN BY POINT-BAR 
DEPOSITS (AFTER KOLB, 1962) 
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WATER WELL TAPPING OR AFFECT- 
ED BY POINT-BAR OR DISTRIBUT- 
ARY DEPOSITS. NUMBER IS WELL 
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